W. PETER, M. P. KAYE, AND Mr. C. RANDALL.
Major autonomic pathways
to the atria and S-A and A-V nodes of the canine heart. Am. J. Physiol. 224(l) : 202-208. 1973 .-To demonstrate the course and distribution of autonomic nerves to the atria and S-A and A-V nodes, individual mediastinal cardiac nerves were electrically stimulated prior to and following each of 9 paracardiac surgical procedures in mongrel dogs. Sympathetic innervation of the S-A node was along the superior vena cava (SVC), the interatria1 groove (IAG) , and around the great arteries. Parasympathetic pathways entered the S-A node along the SVC, superior left atrium (LA), and IAG. Right-sided sympathetic fibers to the A-V node traversed the great arteries and the inferior left atrium (ILA).
Fibers of left-sided origin entered at the junction of inferior vena cava (IVC) with ILA, along the great arteries, and in the ventro- Mizeres (6, 7) . However, until recently, there has been little or no attempt to correlate morphology and function within this system. We have previouslv described I patterns of ventricular inotropic innervation (1, 3, 9) and presented preliminary evidence indicating tha t the majority of nerves that elicit chronotropic responses enter the heart along the great vessels. The specific distribution of autonomic nerve pathways to localized portions of the heart and particularly to the atria and S-A and A-V nodes has not been delineated. Accordingly, this study was designed to demonstrate : 1) the distribution of individual autonomic nerves to the atria and the S-A and A-V nodal regions, and 2) the precise sites of projection of these nerves onto the heart.
METHODS
Seventeen mongrel dogs were preanesthetized with phencyclidine hydrochloride (2 mg/kg im) and anesthetized with a-chloralose (80 mg/kg iv). Positive-pressure respiration was instituted, the chest was opened bilaterally, and a pericardial cradle constructed. Walton-Brodie strain-gauge arches were sutured to the right atrium (RA), left atrium (LA) > and right ventricle (RV). Systemic pressure was monitored from a cannula in the femoral artery. All data were recorded on a model 7 Grass polygraph.
Both vagosympathetic trunks were transected in the neck, the anterior and posterior ansae were divided bilaterally at their origin from the stellate ganglia, and the mediastinal cardiac nerves were isolated for subsequent stimulation. Thus, parasympathetic fibers from this nerve to RA enter the heart along the lateral side of the SVC, while parasympathetic fibers to the L-4 enter along the left side of the main pulmonary artery.
A-V Node Innervation
Prior to surgical intervention, electrical stimulation of each of the cardiac nerves generally resulted in either sinus acceleration or deceleration (see Sznus Node Innervation). A majority of sympathetic and parasympathetic nerve pathways to the sinus node enter the heart along the SVC, and it is of interest that &4-V nodal rhythms were demonstrated in nearly the SVC transectio node was all of the 11 experiments in which transection of was the first intervention performed. Following In of the SVC, acceleration or slowing of the A-V demonstrated during nerve stimulation with no longer any neura influence on the sinus node region. In the few experi ments in which sinus node responses persisted after SVC transection, neural influences upon the A-V node were not demonstrated until the remainder of sinus node innervation was interrupted (see Sinus Node Innervation). Sympathetic innervation. After interruption of sympathetic pathways to the sinus node, A-V tachycardia was demonstrable in all 11 animals with an average rate of 199/min (range = 170-240).
Left anterior ansa and VLCN stimulation resulted in A-V tachycardia in all of these animals, while left posterior ansa did so in eight experiments, right anterior ansa in seve n, and right posterior ansa in six experiments. Stimula tion of the innominate, recurrent cardiac, and craniovagal nerves each produced the response in two experiments, whereas V&MCN resulted in A-V tachycardia in three experiments.
The caudovagal and right thoracic vagus nerves elicited the response in only one of the 11 animals.
The A-V nodal responses to elec trical stimulation of the caudovagal, right thoracic vagus, and innominate nerves were interrupted after transection of the inferior margin of the LA on all occasions. The responses to stimulation of the recurrent cardiac, VlMCN, and craniovagal nerves were interrupted following thorough dissection at the root of the great vessels. The right anterior ansa, right posterior ansa, and left posterior ansa each exhibited a bimodal distribution to the A-V node. Transection at the root of the great vessels interrupted the A-V tachycardia to right anterior ansa and right posterior ansa stimulation in two experimen ts, and to left posterior ansa stimulation in four experiments. Further abolition of the A-V response occurred after transection of the inferior LA to left and right posterior ansa stimulation in four experiments.
While the response to right anterior ansa stimulation was interrupted by this procedure on five occasions, the A-V response to left anterior ansa stimulation was interrupted following transection of the inferior LA in six experiments.
In three additional experiments, transection of the nerves at the root of the great vessels was necessary to completely abolish this response. In the remaining two experi- ments, the response was not interrupted until transection of the VLCN. The A-V response to stimulation of the VLCN was interrupted after transection of the inferior LA in seven experiments.
In the remaining four experiments, both transection of the nerves at the root of the great vessels and transection of the VLCN at the left superior pulmonary vein were required to completely interrupt the response. After either of the two latter procedures, the magnitude of the response was usually decreased, but both procedures were necessary for its abolition. nerves to the ventricles that descend posterior to the heart and enter the myocardium at the junction of the inferior vena cava with the left atrium. These nerves provide sympathetic innervation to the posterior walls of both ventricles and to the interventricular septum. Furthermore, they provide additional sympathetic and parasympathetic innervation of the A-V nodal region. These structure-function experiments are summarized and the resulting patterns of cardiac innervation more clearly schematized in Figs. 4-9 . The A-V nodal region is innervated by sympathetics from the right side by nerves that course along the great vessels and at the junction of the IVC with the left atrium (Fig. 4) . Left-sided sympathetic nerves reach the nodal region along similar pathways as well as in the VLCN (Fig. 5) . Parasympathetic innervation to the A-V nodal area in all instances is along the superior left atrium and at the -junction of the left atrium with the inferior vena cava (Figs. 6, 7) .
The sinus node region receives sympathetic innervation predominantly by way of fibers coursing along the SVC, with other pathways noted along the great vessels and in the interatrial groove (Fig. 8) . Parasympathetic fibers to this region are interrupted by section of the SVC, superior LA, and interatrial groove (Fig. 9 ). Positive inotropic response of the right atrium to sympathetic nerve stimulation is abolished by section of the SVC, superior LA, and great vessels. Sympathetic pathways to the left atrium are similar with additional fibers noted in the
